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Non-Linear Sampled-Data Systems. By PZEm~E VIDAL, Gordon and 
Breach, New York, 1969, 346 pp., translated from Syst~mes Echantillonnds 
Non Lindaires. Gordon and Breach, Paris, 1968. 
Although sampled-data nd digital-computer control systems have a 
well-established and (in these days of minicomputers) an increasingly 
important place in control practice, this book is both the first and (to-date) 
the only book written on nonlinear sampled-data systems theory (henceforth 
abbreviated as NSDS). It is thus in striking contrast to the numerous books 
published on nonlinear continuous-data systems theory. Accordingly, it fills 
a long-standing gap in the automatic control systems book literature. 
Dr. Vidal's book has yet another value for English-language r aders, in 
that it encompasses the essential content of numerous papers by the author 
and by other European researchers published in non-English languages 
(especially in French). These papers are of especial interest in that some 
of them contain accounts of special analytic work by some great mathe- 
maticians (Galois, Poincar6, Hadamard and Lattes), work that is of particular 
value and usefulness in sampled-data control systems. 
The book comprises nine chapters. Chapters 1 and 2 entail a review of 
pertinent fundamental theory of the calculus of finite-differences; of Carson, 
Laplace and z-transforms; and of basic aspects of the "classical" analysis 
of linear sampled-data control systems. 
Chapter 3 is on discrete phase-plane analysis. The parallel of Lyapunov's 
first method for continuous ystems (i.e., use of local linearization for 
examination of the stabilities of singular points) is developed for NSDS 
characterized bydifference equations, as based on original work by Hadamard, 
Lattes and Hahn. The theory of singular points of difference quations 
is developed. And therewith the various kinds of singular points are identified 
and classified (in general, a difference quation of specified order has more 
kinds of singular points than does a differential equation of the same order). 
Chapter 3 concludes with details of three methods, developed by the author 
and his colleagues, for graphical determination f trajectories in the discrete 
phase-plane. 
Chapter 4 is on the describing-function method. "Extension" of the 
well-known (continuous-data) describing-function method approach to 
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analysis of NSDS is effected, and development of the z-transform describing- 
function method is presented concisely. The reviewer does not agree with 
the statement of Section 4.4 (p. 141) that the " . . .  describing-function 
method has the restriction due to semi-obligatory presence of zero-order- 
ho ld . . . "  for as Gelb and Vander Velde (1968) have shown, the describing- 
function method can be well-utilized in NSDS not containing a zero-order- 
hold. 
Chapter 5 is on signal-flow graphs. First, application of Mason's method 
to linear sampled-data systems is given; then its use for analysis of NSDS 
is detailed. 
Chapter 6 enfolds a comprehensive, well-integrated account of the theory 
of stability of NSDS, subsumed in two parts relative, respectively, (i) to 
geometric stability criteria, and (ii) to algebraic stability criteria. The former 
entails extensions of Popov's frequency-domain stability criterion to NSDS; 
the latter comprises both several methods based on Lyapunov's econd 
(direct) method and another by Halanay, which stems from Popov's work. 
Chapter 6, much the longest chapter in the book, includes many illustrative 
numerical examples which give abundant evidence of useful applications 
of the theory. 
Chapter 7 discusses concepts of stability and instability relative to the 
initial conditions; details several theorems related to determination of 
transient response; and concludes with an account of determination of 
limit-cycles in NSDS. A theorem on the conditions for existence of periodic 
solution of nonlinear difference quations (by Halanay) is stated; two methods 
for determination of limit-cycles in NSDS, as developed by Tsypkin and 
by Jury and Nishimura, are detailed; and another method by Torng and 
Meserve is remarked upon. [For a survey of other methods ee Ataman 
(1972).] 
Although the describing-function method is one of the most common 
methods for determination of limit-cycles, the author preferred to present 
it earlier and separately in Chapter 4. In addition, although some of the 
phase-plane methods given in Chapter 3 "often show the limit-cycles of 
the system," they are very briefly mentioned in this chapter. The reviewer 
would remark that the existence conditions given by Halanay are valid for 
weak nonlinearities, and Sell (1966) has given a more general theorem which 
does not have this restriction. 
Chapters 8 and 9 are on two specialized topics. The former on pulse-width 
modulated systems, the latter on quantized systems. In Chapter 8, emphasis 
is on the stability and periodic solutions of pulse-width modulated systems. 
Chapter 9 enfolds a good presentation of techniques of analysis of quantized 
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systems. An interesting contribution in Chapter 9 is application of certain 
Galois theorems for quantized systems analysis. 
In essence, Dr. Vidal's monograph is a valuable and unique contribution 
to the book literature of sampled-data systems. However, it has certain 
shortcomings. Thus, there is a large number of misprints, especially in 
the mathematical symbols. Again, the translation from French to English 
is poorly done, for example, "abcissa of convergence" is translated as 
"threshold of definition," (p. 6); "link" and "sink" are translated as "fall" 
and "welt" (p. 14), respectively; "limit-cycle" is translated continually as 
"limited-oscillations," etc. 
In the introduction the author states that %. .  this monograph is primarily 
an instrument for research; it is intended for readers already familiar with 
the concepts of automatic ontrol systems . . . , "  and " . . .  we have tried 
to group together and display in their most general form various investigations 
undertaken throughout the world." In these respects Dr. Vidal's monograph 
fulfills its purposes and to this end the reviewer ecommends it to the attention 
of advanced students, academics and researchers concerned with control 
theory. 
In conclusion, the reviewer notes that there is a recently published 
problem-solution manual of the book which can be obtained from the 
publishers. 
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